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Maximum aerodynamic efficiency occurs at speeds lower than a 
commercial airliner’s cruise speed.
• Occurs when induced drag component and parasitic drag component
is at its lowest.
• Current efforts including winglets/lift distribution tailoring have
reduced induced drag by approximately 5-7%.
• Manipulating the surface of the wing by generating surface
undulations affects the balance of induced and parasite drag of the
wing.
• Most prior surface undulations work in the literature destroy the base
airfoil profile.
Hypothesis: The surface undulations act as a chord-wise boundary
layer fence which prevents spanwise flow along the wing.
To characterize the effect of airfoil-preserved surface 
undulations on aerodynamic efficiency and the 
balance of induced and parasite drag.
OBJECTIVE
Particle Image Velocimetry- visualize vortex roll-up/growth
• Models are created in Solidworks by lofting two NACA 0012 
profiles.
• Minimum chord throughout wingspan is 80% of maximum chord
• Wing Size: 5 in x 10 in, Aspect Ratio 2
• Solidworks models were 3D printed using Gorilla Maker. 
• Reynolds Number: 300,000
• Freestream speed: 35 m/s
• Angle of attack range: -17° to 17°







Trailing Edge              Leading Edge        Leading Edge & Trailing Edge
All experiments performed in the University of Dayton Low-Speed Wind Tunnel 
(UD-LSWT)
CONCLUSIONS
• Numerical Analyses (VSP Aero, 
XFLR5)
• Further sensitivity studies





• Helmbold curve included 
for theoretical comparison
• 𝐶𝐿 slightly higher than 
baseline wing for TE and LE 
+ TE cases before around 
15° angle of attack
• 𝐶𝐿 slightly lower than 
baseline wing for LE cases 
• No large differences 
between baseline NACA 
0012 wing and contour 
wings
• 𝐶𝐷 lower than baseline 
wing for all cases at lower 
angles of attack
• 𝐶𝐷 increases after 11° angle 
of attack for LE and LE + TE 
cases
• Trailing edge cases perform 
the best- 𝐶𝐷 significantly 
lower than baseline until 
around 15° angle of attack
• Aerodynamic efficiency is significantly higher for all cases compared to 
baseline wing until 10° angle of attack where the LE and LE + TE cases 
drop below baseline
• Trailing edge contours continue to have a much higher aerodynamic 
efficiency until 15° angle of attack
• 9 TE case consistently performs the best out of all cases considered
• Aerodynamic efficiency is higher than baseline for all cases at 
lower angles of attack
• 𝐶𝑑 is lower than baseline wing at lower AoA in all cases
• Sensitivity in placement of contours appears to have an impact 
as the trailing edge cases perform better (have higher 
aerodynamic efficiency) than all other cases considered
• Sensitivity in number of contours does not appear to have a 
significant impact as there is not a consistent pattern linking 




































































































𝐶𝐿 for TE and LE+TE 
wings remains higher 
than baseline, drops off 
for LE wings 
Baseline 
𝐶𝐷 lower than 
baseline for all cases
𝐶𝐷 remains 




higher for all cases
Aerodynamic efficiency 








• Effective length of test 
section: 182 cm (72”)
• Freestream speed 
range of 6.7 m/s (20 
ft/s) to 40 m/s (140 
ft/s)
• Freestream turbulence 
intensity level of 0.1% 
at 15 m/s
Schematic
Wind Tunnel 
Specifications
